Little is known about the number, type, or antibiotic resistance profiles, of air-borne microbes present in hospital settings yet such information is important in designing effective measures to reduce cross-infection. In this study settle plates were used to identify and quantify the air-borne microbes present in a dental clinic. All isolates were identified to species level using partial 16S ribosomal RNA gene sequencing and their susceptibility to ampicillin, chloramphenicol, erythromycin, gentamicin, penicillin, tetracycline or vancomycin was performed. The mean numbers of viable bacteria detected for each sampling occasion during periods of clinical activity and in the absence of such activity were 21.9×10 2 cfu/m 2 /h and 2.3×10 2 cfu/m 2 /h respectively. One hundred ninety-three distinct colony morphotypes, comprising 73 species, were isolated during the study and 48% of these were resistant to at least one antibiotic. The mean numbers of different morphotypes detected per sampling occasion were 14.3 and 5 during periods of clinical activity and inactivity respectively. Propionibacterium acnes, Micrococcus luteus and Staphylococcus epidermidis were frequently isolated regardless of whether any clinical activities were taking place. These findings highlight the importance of preventing surfaces from becoming reservoirs of antibiotic-resistant bacteria and thereby contributing to cross-infection in the dental clinic.
Introduction
The oral cavity of humans is densely populated with a wide variety of microbes and these can be transferred to the environment and other individuals via aerosols (Wilson, 2005) . The expulsion of microbes from the oral cavity is increased by coughing and sneezing and during periods of dental treatment. With regard to the latter, many of the procedures carried out in the dental clinic result in the production of aerosols (particles 50 m in diameter) and splatter (particles 50 m in diameter) e.g. tooth preparation, ultrasonic scaling and tooth polishing (Harrel and Molinari, 2004) . Particles comprising aerosols are small enough to remain suspended for considerable periods of time before they settle on surfaces or enter the respiratory tract of individuals in the vicinity (Micik et al., 1969) . In contrast, particles present in splatter do not remain airborne for long and quickly settle on neighboring surfaces (Miller et al., 1971) . Microbes present in the oral cavity (originating from the respiratory tract as well as from the oral cavity itself) may be associated with either type of particle and so can be transmitted directly to other individuals or can settle on surfaces from which they can subsequently be transferred to patients and clinical personnel (Kohn et al., 2003) . The avoidance of both of these means of transmission is a key feature of measures designed to prevent cross-infection in dental clinics (Miller and Palenik, 2001 ). While a number of studies have evaluated the generation of Vol. 54 DECRAENE et al. microbe-containing aerosols produced by particular procedures or instrument use (Bentley et al., 1994; Logothetis et al., 1988) , little is known concerning the types, or numbers, of microbes that contaminate surfaces in dental clinics. Likewise, little is known about the levels of antibiotic resistance present in this environmental reservoir. The purpose of this study was to ascertain the numbers, types, and antibiotic resistance profiles of organisms arriving on a surface in a dental clinic by the air-borne route.
Materials and Methods

Sample collection and microbial enumeration.
Thick settle plates were used to assess the degree and nature of environmental contamination in the dental clinic. One Columbia blood agar (CBA) plate and one Anaerobe basal agar (ABA) plate (Oxoid, Basingstoke, UK), both supplemented with 5% (v/v) defibrinated horse blood, were placed side by side on a partitioning wall in the center of Dental Clinic no. 2 in the School of Hygiene at the Eastman Dental Hospital, London, UK. The clinic is open plan with 10 separate treatment bays, each housing one dental chair. There was no air-conditioning or air exchange system so ventilation was achieved by opening windows or using small portable desk fans (present in each treatment bay). The cleaning regime for the clinic involves the use of 70% ethanol to wipe down surfaces after each patient. The height of the wall was 129 cm and the plates were 244 cm from the nearest dental chair. Samples were taken on 10 separate days, and on each occasion there was a clinic running from 9 am to 5 pm. Clinics were either pediatric, periodontal, or adult restorative (i.e. periods of high activity). Samples were also taken on 10 separate control days during which no clinics were taking place (activity level low). Following exposure of the plates for 8 h, the CBA plate was incubated aerobically with 5% CO 2 at 37 C for 48 h, while the ABA plate was incubated in an anaerobic chamber (Don Whitley Scientific, Shipley, UK) at 37 C for 7 days. All colonial morphologies were recorded and for each a representative colony was selected and subcultured. All organisms growing on the ABA plate (i.e. facultative and obligate anaerobes) were investigated further. In contrast, to ensure facultative organisms were not counted twice, only the obligate aerobes present on the CBA plate were further examined. Therefore all facultative or obligate anaerobes were isolated from ABA plates and all obligate aerobes were isolated from CBA plates.
For each colonial morphotype present on the CBA plate, one representative colony was subcultured in duplicate onto CBA and ABA plates and only organisms that grew on CBA (aerobically) but not on ABA (anaerobically) were selected for further study.
Identification of isolates. Bacteria were initially characterized by determining their atmospheric growth requirement, Gram-stain, hemolysis, catalase and oxidase reaction. Subsequently, all isolates were identified to species level using partial 16S ribosomal RNA (rRNA) gene sequencing. The 16S rRNA gene conserved primers used in this study were 27F (5 AG-AGTTTGATCMTGGCTCAG 3 ), 357F (5 CTCC TACGG-GAGGCAGCAG 3 ) and 1492R (5 TACGGYTACCTT-GTTACGACTT 3 ; Genosys Biotechnologies, Ltd., Cambridgeshire, UK). Samples were amplified as follows: 94 C for 5 min, followed by 30 cycles of 94 C for 1 min, 54 C for 1 min and 72 C for 1.5 min, with a final extension at 72 C for 5 min. Identifications were obtained by comparing the sequence generated with those stored in the BLAST (www.ncbi.nlm.nih.gov/ BLAST/) and RDP II (http://rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp) databases.
Due to a high degree of 16S rRNA gene homology the staphylococci and oral streptococci were further differentiated biochemically using the API Staph ID test (BioMérieux, Basingstoke, UK) and API Strep ID test. Results were interpreted using the API LAB ID computer software and tests were performed according to the manufacturer s instructions.
Antibiotic susceptibility testing. Susceptibility testing, by an agar dilution, was carried out on all 193 morphotypes isolated during the study to determine their antibiotic resistance profile. Ampicillin, chloramphenicol, erythromycin, gentamicin, penicillin, tetracycline or vancomycin (range from 0.125 g/ml to 512 g/ml) were incorporated into either Muller Hinton agar (Oxoid) or Brucella agar (Oxoid; for fastidious microorganisms) which was supplemented with 5% (v/v) defibrinated horse blood and incubated at 37 C for 16 to 20 h. The Minimum Inhibitory Concentration (MIC) was defined as the lowest concentration of the antibiotic that completely inhibited visible growth. MIC 50 and MIC 90 were defined as the concentration of the antibiotic which inhibited growth of 50% and 90% of the isolates respectively. Susceptibility to methicillin was carried for all Staphylococcus aureus isolates using the British Society for Antimicrobial Chemotherapy (BSAC) recommended disc diffusion method.
Results
The number of viable bacteria detected on each sampling occasion during periods of high activity ranged from 12.3 10 2 to 34 10 2 cfu/m 2 /h with a mean of 21.9 10 2 cfu/m 2 /h (Table 1 ). In contrast, during periods of low activity, the counts were lower and ranged from 0 to 10.1 10 2 cfu/m 2 /h with a mean of 2.3 10 2 cfu/m 2 /h. A total of 193 colony morphotypes, comprising 73 species, were isolated during the study. When the clinic was being used, as many as 16 different colony morphotypes could be isolated during an 8 h period (Table 1) . When the clinic was not in use this variation was generally much lower with a mean of only 5 colony morphotypes per sampling occasion (Table 1) .
Overall, many members of the cutaneous and oral microbiota as well as a wide range of environmental organisms were detected ( Table 2 ). The organisms most frequently isolated during periods of high activity were Propionibacterium acnes, Micrococcus luteus and Staphylococcus epidermidis these were detected on all 10 sampling occasions (Table 2) . Other frequently-isolated species included Acinetobacter lwoffii and Streptococcus mitis, which were detected on 70% and 50% of sampling occasions respectively. On most sampling occasions, P. acnes was the numerically dominant organism and comprised 29% (range; 23 44%) of the organisms cultivated on each sampling occasion. M. luteus and S. epidermidis were generally the next most dominant organisms, comprising 22% (range; 13 32%) and 15% (range; 1 28%) of the organisms cultivated. It should be noted that, as might be expected in a study of environmental contamination, fungi were also recovered on the settle plates on several of the sampling days. However, these organisms were excluded from the present study since the study of antibiotic resistance profiles is not applicable to fungi. The organisms most frequently isolated during periods of low activity included, again, P. acnes and M. luteus which were detected on 40% of sampling occasions (Table 2 ). Other frequently-isolated species were S. epidermidis and Staphylococcus hominis which were each detected on 30% of sampling occasions. On most of these occasions, only small numbers of microbes were recovered so that analysis of the dominant organisms present is not helpful. On those occasions when larger numbers of microbes were detected, M. luteus comprised the highest proportion of the organisms cultivated, with a mean of 22% (range; 7 35%) while S. epidermidis (mean; 13%; range; 0 36%) and P. acnes (mean; 14%; range; 0 29%) comprised lower proportions. Table 3 shows the resistance profiles of the genera (or coagulase-negative staphylococci) which comprised four or more isolates identified from periods of both clinical activity and inactivity. Ninety-two (48%) of the 193 isolates were resistant to at least one of the antibiotics tested. Resistance to penicillin was the Acinetobacter spp. : there are currently no guidelines available to determine susceptibility to these antibiotics. most frequently encountered, with 33% of the isolates being resistant. In contrast, none of the isolates were resistant to vancomycin (excluding those that are intrinsically resistant to this antibiotic, i.e. Gram-negative organisms whose MIC s ranged from 8 128 mg/L). Multi-resistance was frequently seen with 21% of the 193 isolates being resistant to 2 or more of the 7 antibiotics (Table 4 ). The staphylococci were the major antibiotic-resistant group and constituted 79%, 56%, 67%, 45% and 80% respectively of the ampicillin-, erythromycin-, gentamicin-, penicillin-, and tetracycline-resistant bacteria. None of the S. aureus isolates were resistant to methicillin. One of the S. epidermidis isolates was resistant to 5 antibiotics tested (ampicillin, erythromycin, gentamicin, penicillin and tetracycline).
Discussion
The purpose of this study was to determine the type, number, and antibiotic-profiles of air-borne microbes that arrive at a surface during, and in the absence of, routine activities in a dental clinic. The findings outlined here provide an indication of the potential contamination of clinical surfaces that could arise from the air-borne route.
While the use of settle plates is a passive air sampling technique, active air samplers which measure particles suspended in the air during a specific time period can also be used to determine the level of microbial air contamination. Active air samplers measure the number of colony-forming units present in 1 m 3 of air collected over a 15 min sampling period (Pasquarella et al., 2000) . This method forms the basis for official standards in air control and is often thought to be the more appropriate sampling strategy. However, there are several problems surrounding the use of active samplers. They are expensive, difficult to sterilize and need to be continuously calibrated (Pasquarella et al., 2000) . Furthermore, many different types of active sampler exist and the results of several studies (Casewell et al., 1984; Jensen et al., 1992) have shown that there is tremendous variation between each of these devices, thus making comparisons difficult. The situation in a dental clinic also requires special consideration due to the fluctuation in contamination resulting from frequent aerosol production (Rautemaa et al., 2006) . Consequently, the use of settle plates was considered more appropriate as it allows for the cumulative measurement of contamination following a period of clinical activity.
During an 8 h period of high activity, the mean number of air-borne microbes arriving at a surface was found to be 21.9 10 2 cfu/m 2 /h. This result is similar to that reported in an assessment (using settle plates) of air-borne contamination in four dental clinics in Italy, in which the mean number of viable microbes was found to range from 5 10 2 23 10 2 cfu/m 2 /h (Cellini et al., 2001) . Not surprisingly, when the clinic was in use the high levels of activity increased the number of airborne microbes, with the number of microbes on the settle plates increasing almost 10-fold during periods of clinical activity. Interestingly, Fisher et al. (1972) found that the number of air-borne microbes in hospital operating theaters increased by the same factor during use. Cellini et al. (2001) have reported that after clinical activity, the number of air-borne bacteria in dental clinics was approximately 2-fold greater than that present before such activity. However, it should be noted that the observed increase in the number of microbes may not be a direct result of the clinical activities but rather a consequence of there simply being more people moving around near the sampling site.
While some data are available with respect to the number of air-borne bacteria in dental clinics there is no analysis, to the species level, of the types of airborne microbes present. We found that, during periods of high activity, P. acnes, M. luteus and S. epidermidis were the most frequently-detected organisms, being recovered on all sampling occasions. Furthermore, these organisms also generally comprised the largest proportions of the organisms cultivated on each occasion. Even when the clinic was not being used, these three organisms were among the four most-frequently detected. The normal habitat of P. acnes, M. luteus and S. epidermidis is the skin (Wilson, 2005) . However, all three organisms are also frequently found in the oral cavity and so may be present in the aerosols created during dental treatment (Anesti et al., 2005; Funke et al., 1997; Smith et al., 2001 ). Surprisingly, species considered to be members of the indigenous oral microbiota (e.g. viridans streptococci, Actinomyces spp., Haemophilus spp., Neisseria spp. and Lactobacillus spp.) were detected at much lower frequencies, although at least one of these was detected on every sampling occasion. These results are in keeping with those reported in the limited number of studies that have identified the air-borne organisms present in dental clinics. Osorio et al. (1995) found that staphylococci were the dominant air-borne microbes in dental clinics both before and after clinical activity and accounted for between 73% and 82% of the organisms detected. Similarly, in a study in Japan, coagulase-negative staphylococci accounted for 22% of the air-borne microbes detected in a dental clinic, while micrococci, coryneforms and streptococci comprised 23%, 21% and 12% respectively of the organisms isolated (Noro et al., 1998) . One explanation for the infrequent detection of members of the indigenous oral microbiota in the current study is likely to be the location of the settle plates which were positioned approximately 2.5 m from the nearest dental chair. Osorio et al. (1995) showed that, during clinical activity, the detection rate of streptococci decreased with increasing distance from the dental chair. It has been shown that particles present in splatter (i.e. 50 m in diameter) originating from the oral cavity do not remain airborne for long and quickly settle on neighboring surfaces (Miller et al., 1971) . These are likely to contain large numbers of oral bacteria and so may not have reached the settle plates in this study. As indicated previously, the principal habitat of the three most-frequently identified air-borne bacterial species is human skin (Wilson, 2005) and so they are likely to have originated from skin squames shed by staff and patients. This study also illustrated that a large variety of environmental microbes can be found in dental clinics. Although the majority of these species belonged to well known genera such as Bacillus and Clostridium, several less common species were also detected. These included the plant pathogen Curtobacterium flaccumfaciens as well as Empedobacter brevis, Dietzia maris and Arsenicicoccus bolidensis, which inhabit soil. Although a number of surveys on the prevalence of antibiotic-resistant respiratory and cutaneous pathogens have been published, there is little information available regarding the prevalence of antibiotic-resistance in isolates found on surfaces in the clinical environment. Antibiotic resistance was shown to be a common characteristic of the isolates with almost half being resistant to at least one of the seven antibiotics tested. Resistance to the -lactam antibiotics penicillin and ampicillin was most frequently seen, particularly in the coagulase-negative staphylococci and micrococci.
-Lactam antibiotics are heavily prescribed in dentistry and in medicine, and as a group comprise greater than 50% of the UK antibiotic prescriptions (Office for National Statistics. 2003 . Antibiotic prescription items per 1,000 patient years at risk by BNF sub-section, age, sex and calendar year: 1994 98 URL: www. statistics.gov.uk/); as such, these finding raise concerns about the possibility of cross-infection with bacteria resistant to these important agents in the clinical environment. Also of concern was the finding that 21% of the isolates were resistant to more than one antibiotic. The presence of these organisms is of clinical importance as infection caused by such multiantibioticresistant bacteria could result in treatment failure and lead to a chronic infection.
The results outlined here have shown that a wide variety of cutaneous, oral, respiratory and environmental bacteria can be detected on settle plates in a dental clinic and that, of those microbes that can be cultivated on routine media in the laboratory, P. acnes, M. luteus and S. epidermidis are the most likely to contaminate surfaces in a dental clinic by the air-borne route. The finding that some of these organisms are recognized human pathogens and, in addition, are resistant to several antibiotics, highlights the need for effective surface disinfection practices in order to minimize their survival and spread in the clinical environment.
